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I.  PRESENTACIÓ 
 
 
Sorgit del contacte directe amb la realitat de Quezon City, a Filipines, gràcies a la 
mediació de l’oficina del sud-est asiàtic de l’ICLEI (International Council for Local 
Environmental Initiatives), presento aquest treball com a projecte final del Màster 
Interuniversitari UB-UPC d’Enginyeria en Energia.  
 
L’ICLEI és una associació internacional de governs locals, regionals i nacionals amb 
un clar objectiu de la millora social i del medi ambient arreu del món. Un dels 
projectes de l’ICLEI Southeast Asia és la col·laboració en la remodelació de 
l’abocador de Quezon City, a Manila. Fruit d’aquest projecte ha sorgit la idea d’una 
guia per altres poblacions del sud-est asiàtic on l’ICLEI vol proposar projectes 
similars.  
 
La majoria de governs locals dels països en vies de desenvolupament, ajuntaments, 
consells regionals o inclús governs estatals són ineficaços, corruptes i a vegades 
inexistents. Sovint les persones amb poder de decisió no tenen coneixements tècnics 
i una guia com la proposada, amb un estudi d’un cas amb beneficis econòmics, és 
una ajuda per l’ICLEI a impulsar-los a dur a terme projectes ambientals.  
 
Aquesta memòria està estructurada de manera que podem entendre la realitat dels 
municipis del sud-est asiàtic, veient alhora les ajudes ofertes per Nacions Unides i la 
situació dels abocadors en un entorn industrialitzat dins la Unió Europea com és 
Catalunya.  
 
En cap cas, aquest projecte pretén ser un exemple de la correcta gestió dels residus 
municipals, sinó una proposta i una guia per acomplir de la millor manera possible 
les exigències de la Unió Europea per als projectes de l’acord del CDM-Clean 
Development Mechanism. Alhora pot ser una petita llum per als governants no 
familiaritzats amb els aspectes tècnics del tractament de residus i la gestió dels 
abocadors. 
 
M’agradaria agrair a la Fundació La Caixa la oportunitat d’estudiar aquest màster, a 
l’ICLEI SEA, per convidar-me a participar en el projecte de Quezon City i, finalment, 
al Centre per la Cooperació i el Desenvolupament de la UPC, per permetre'm viatjar 
a un país tan llunyà, exòtic i intens com és Filipines. 1 
                                                 
1 En endavant el treball està redactat en anglès per ser l’idioma oficial de treball a l’ICLEI i a Filipines.  
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1.  INTRODUCTION  
 
 
Reducing global poverty and achieving significant advances in health, education, 
environment and equality has been the priority for most developed countries in the 
last years. Few years ago, the United Nations devised a compensation plan for all 
public or private organizations working to reduce the consequences that mainly 
affect the poorest countries and to achieve the “Millennium Development Goals”, 
eight quantifiable targets to be reached before 2015.  
 
It has also been called into question the veracity of this "climate change", but 
according to scientific sources it is a frightening reality being accelerated by man's 
action. 
  
At the end of the last congress on Climate Change celebrated in Copenhagen on 
March 2009 experts developed the following summary describing the situation where 
we are: 
 
Recent observations confirm that, given high rates of observed emissions, the worst-
case IPCC scenario projections (or even worse) are being realized. For many key 
parameters, the climate is already moving beyond the patterns of natural variability 
within which our society and economy have developed and thrived. These 
parameters include global mean surface temperature, sea-level rise, ocean and ice 
sheet dynamics, ocean acidification, and extreme climatic events. There is a 
significant risk that many of the trends will accelerate, leading to an increasing risk 
of abrupt or irreversible climatic shifts. 
 
Rapid, sustained, and effective mitigation based on coordinated global and regional 
action is required to avoid "dangerous climate change" regardless of how it is defined. 
Weaker targets for 2020 increase the risk of crossing tipping points and make the 
task of meeting 2050 targets more difficult. Delay in initiating effective mitigation 
actions increases significantly the long-term social and economic costs of both 
adaptation and mitigation. 
 
Climate change is having, and will have, strongly differential effects on people within 
and between countries and regions, on this generation and future generations, and 
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on human societies and the natural world. An effective, well-funded adaptation 
safety net is required for those people least capable of coping with climate change 
impacts, and a common but differentiated mitigation strategy is needed to protect 
the poor and most vulnerable. 
 
There is no excuse for inaction. We already have many tools and approaches - 
economic, technological, behavioral, management - to deal effectively with the 
climate change challenge. But they must be vigorously and widely implemented to 
achieve the societal transformation required to decarbonized economies. A wide 
range of benefits will flow from a concerted effort to alter our energy economy now, 
including sustainable energy job growth, reductions in the health and economic costs 
of climate change, and the restoration of ecosystems and revitalization of ecosystem 
services. 
 
To achieve the societal transformation required to meet the climate change challenge, 
we must overcome a number of significant constraints and seize critical opportunities. 
These include reducing inertia in social and economic systems; building on a growing 
public desire for governments to act on climate change; removing implicit and 
explicit subsidies; reducing the influence of vested interests that increase emissions 
and reduce resilience; enabling the shifts from ineffective governance and weak 
institutions to innovative leadership in government, the private sector and civil 
society; and engaging society in the transition to norms and practices that foster 
sustainability.2 
 
The United Nations Framework Convention on Climate Change (UNFCCC or 
FCCC) is an international environmental treaty produced at the United Nations 
Conference on Environment and Development. The treaty attepmts to stabilizing 
greenhouse gas concentrations in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate system. It included provisions 
for updates (called "protocols") that would set mandatory emission limits. One of the 
most important updates is the Kyoto Protocol. 
 
                                                 
2 Six  preliminary key messages from International Scientific Congress on Climate Change, Copenhagen, 
March 2009 
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The central feature of the Kyoto Protocol is its requirement that countries limit or 
reduce their greenhouse gas emissions by setting such targets, emission reductions 
took on economic value. To help countries meet their emission targets, and to 
encourage the private sector and developing countries to contribute to emission 
reduction efforts, negotiators of the Protocol included three market-based 
mechanisms: Emissions Trading, the Clean Development Mechanism and Joint 
Implementation. 
 
The Clean Development Mechanism (CDM) is an agreement of the Kyoto Protocol 
that allows industrialized countries with a commitment to reduce greenhouse gases 
to invest in projects that reduce emissions in developing countries as an alternative 
to more expensive emission reductions in their own countries.  
 
The CDM allows emission-reduction projects in developing countries to earn 
certified emission reduction (CER) credits, each equivalent to one tone of CO2. 
Those CERs can be traded and sold, and used by industrialized countries to a meet a 
part of their emission reduction targets under the Kyoto Protocol. CERs can be used 
by the most polluting countries in order to comply with their emission limitation 
targets or by operators of installations covered by the European Union Emission 
Trading Scheme in order to comply with their obligations to surrender EU Allowances, 
CERs or Emission Reduction Units for the CO2 emissions of their installations. CERs 
can be held by governmental and private entities on electronic accounts.  
 
The mechanism stimulates sustainable development and emission reductions, while 
giving industrialized countries some flexibility in how they meet their emission 
reduction limitation targets. 
 
The projects must qualify through a rigorous and public registration and issuance 
process designed to ensure real, measurable and verifiable emission reductions that 
are additional to what would have occurred without the project. The mechanism is 
overseen by the CDM Executive Board, answerable ultimately to the countries that 
have ratified the Kyoto Protocol. 
 
In order to be considered for registration, a project must first be approved by the 
Designated National Authorities (DNA).  
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Operational since the beginning of 2006, the mechanism has already registered more 
than 1,000 projects and is anticipated to produce CERs amounting to more than 2.7 
billion tones of CO2 equivalent in the first commitment period of the Kyoto Protocol, 
2008–2012.  
 
Social, environmental and economical benefits  
 
A renewable energy project would generate local employment and help improve local 
air quality and generate carbon credits. Similarly, a project to capture and use 
landfill gas, could promote better waste management and recycling, watershed 
protection, energy generation and job creation as well as the production of tradable 
credits from the destruction of methane. 
 
The project we propose in this document is the conversion of a landfill, from an open 
dumpsite to a controlled disposal facility with biogas recovery. A project like this 
gives many benefits to the city, in social, environmental and economical aspects. It 
can help to address the environment, health and safety concerns of the local 
government for its constituents, particularly those residing in the immediate 
surroundings of the facility and at the same time will provide health, clean energy 
and employment and some extra economical resources to the city.  
 
We can summarize all the benefits in the next 10 points:  
 
1. Improve the efficiency of the dumpsite  
2. Improve stability of the dumpsite thru removal of voids & perched water/leachate. 
3. Elimination or reduction of explosion or fire hazards. 
4. Reduction of odor and groundwater pollution. 
5. Increase of the health, reducing garbage contact with surrounding population. 
6. Reduction of greenhouse effect from landfill gas 
7. Production of energy from a renewable source 
8. Provide additional financial resources and generate employment.  
9. Build capacity of local stakeholders thru education and training. 
10. Reduction of damage to existing vegetation and acceleration of re-use of land. 
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Project Objectives 
 
This project don’t pretend to be an engineering guide, it is a manual for people with 
no technical skills, which contains basic information for understanding the process or 
yet to build on the steps to prepare for an engineering project.  
 
The goal is helping small and medium sized municipalities to have all the information 
necessary to carry out a project to enter the CDM and to help engineers and 
consultants who will prepare it. 
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2.  USE OF LANDFILL ENERGY IN CONTROLLED DISPOSAL FACILITIES IN 
CATALONIA  
  
This section has been included in this Project in order to set the model of a landfill in 
an industrialized country. In no way this section pretends to be a guide for the 
correct management of a landfill in developing countries, since the investment, the 
environmental policy and the social implications are not comparable.  
 
2.1 MODEL OF WASTE MANAGEMENT IN CATALONIA  
 
Increasing the level of consumption of any company consistently produces a high 
amount of waste (wrappers, packaging, food, etc...) Similarly, in industries produced 
large amounts of such waste. All this makes the management of waste will become a 
quite complicated for municipalities with regard to the collection and transport, and 
for government agencies responsible for environment at the time of deciding the 
recovery techniques, reuse, recycling and landfilling of waste generated.  
 
These wastes have a very heterogeneous composition, with fractions likely to receive 
different treatments (packaging reuse, recycle glass, paper, cardboard, plastic, 
energy recovery as biogas amounts of biodegradable, waste energy recovery of high 
heating, recovery of fertilizer in the fraction of biodegradable waste and gardening).  
 
The problems that generate the waste require the entities responsible for 
environmental legislation in order, firstly, to reduce this waste and, second, to 
separate the different fractions. 
 
Catalonia now have two laws on waste framework that specified the model of waste 
management to be operated in Catalonia, in accordance with European regulations 
and the prevailing socio-economic trends: 
 
• Law 8 / 2008 of July 10, financing infrastructure and waste management fees on 
the waste disposal. 
 
• Law 9 / 2008 of July 10, modifying Law 6 / 1993 of 15 July, regulating waste 
management. 
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The main issues are highlighted these rules in relation to concerns that this report 
are:  
 
Obligation of the selective collection in all Catalonia. With regard to municipal 
waste management, establishing a separate collection of municipal waste to the 
entire population of Catalonia, under the Program for Municipal Waste Management 
in Catalonia. There is also the local authorities the necessary appropriation in its 
budget to ensure funding for the collection of waste.  
 
Compulsory treatment for the remaining fraction prior to disposal 
operations. Provides that, prior to any removal treatment, the remaining fraction is 
to be treated to recover anything that is valuable and is technically and economically 
viable.  
 
Inclusion in the urban planning of waste management that has been originate 
in the territory concerned and the establishment of relevant provisions. States that 
the municipalities through the planning and the bylaws, must affect the reserves of 
land for the location of installed systems waste and promote the buildings and roads 
have spaces and install systems that facilitate the collection and transport.  
 
Soil protection against pollution. Given the state of soil protection against 
pollution, and without prejudice to future regulation of contaminated soils in 
Catalonia, has been considered necessary to include the Law 6 / 1993 tool that 
should allow the government to comply the policy objectives of soil protection. This 
prohibits the appearance of recirculating leachates in controlled landfills and other 
installation of treatment or disposal of waste.  
 
Shared responsibility with the waste producers. Competent local authorities 
can compel the holders of the waste for hazardous characteristics or are difficult to 
collect, transport, enhance or eliminate, to manage it themselves or take the 
necessary measures to facilitate their management.  
 
The essential features of the current model of municipal waste management in 
Catalonia are based on two aspects. On the one hand, the recovery and the recovery 
of fractions segregated collection extending to the whole of Catalonia dealing with 
fractions of the waste before disposal. Models of segregation of waste shall be 
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determined according to different parameters of the territory, including the volume 
and distribution of the population, the urban model, business and tourism, etc. On 
the other hand, in establishing a network of treatment plants and disposal of waste, 
based on the general principles of proximity and adequacy, comply with EU directives, 
particularly with regard to reducing biodegradable waste, and face al'exhauriment 
short-term life of the installation process strategic waste management, especially in 
the metropolitan area.  
The application of this model involves:  
 
• Adaptation of the treatment plants to changing characteristics of municipal waste 
arising from the application of the model.  
• The increase of yield recovery of materials through automation of the processes of 
choice and selection.  
• The preparation of the waste from the recovery plant to minimize the impact on 
the final stage of treatment.  
• The minimization of environmental impacts that may arise from the different plants 
treatment, particularly with regard to smells, noise and wastewater processing.  
 
 
Figure 1: Solid Waste Management in Barcelona. Source: Agència de Residus de Catalunya 
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In Catalonia (in practice and as the current model is not implemented 100%) still live 
in the practice management model systems with a direct deposit deposition and, 
consequently, as a scheme of waste management that is real in the chart attached 
joins direct flow from the remaining fraction to (Landfill + incineration).  
 
Other Spanish and European laws that regulate waste management and environment 
protection are:  
 
-  Law 10/1998 of April 21, of waste.  
- Royal Decree 9 / 2005 of 14-01-2005 on establishing the relationship of 
potentially soil polluting activities and the criteria and standards for the 
declaration of contaminated soils.  
- MAM/304/2002 Order of 08-02-2002, which is published by the recovery 
operations and waste disposal and the European Waste List. 
 
Some relevant data on the production and waste management in Catalonia and 
Barcelona Metropolitan Area:  
Table 1: Relevant data of Barcelona Metropolitan Area 
Municipal Solid Waste Production in Catalonia 
Organic matter (ton) 315.804,20 
Glass (ton)  204.358,50 
Paper and cardboard (ton) 411.317,50 
Light packing  (ton) 116.239,30 
Bulky waste (ton) 132.082,30 
Pruning and gardening (ton) 86.684,55 
Batteries  (ton) 603,39 
Drugs  (ton) 611,79 
Textile (ton) 7.989,53 
Other (ton) 196.365,50 
Total Selective Collection (ton) 1.472.056,49 
Rest fraction to Metanization (ton) 412.479,40 
Rest fraction direct to Controlled 
landfill (ton) 
1.843.954,00 
Rest fraction direct to Incineration 
(ton) 547.601,90 
*Total (ton) 2.804.036,00 
% Selective collection 34,43 
%Rest fraction 65,57 
Waste Generation (ton) 4.276.092,00 
 Census 2008 (residents) 7.364.078 
Kg/res/day 1,59 
Source: Agència de Residus de Catalunya (Data 2008) 
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Table 2: Relevant data of Barcelona Metropolitan Area 
 Census 2008 (residents) 3.126.294 
Land area (km2) 560 
Population density (res/km2) 5.583 
Waste Generation (ton) 1.661.692 
Waste Generation (Kg/res/day) 1,46 
Població ocupada 1.286.691 
Municipal Area Budget (milion euro) 249 
Source: Entitat Metropolitana de Medi Ambient de Barcelona (Data 2007) 
 
 
Because population increased by 2.13%, the amount of municipal waste generated in 
2008 has not increased over the year 2007. In Catalonia were produced 4,276,094 
tons of wastes in total. The ratio of resident and generation per day is at 1.59 kg / 
person / day.  
 
 
Figure 2: Solid Waste Generation in Catalonia 
Source: Agència de Residus de Catalunya 
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2.2 CURRENT STATUS OF THE CONTROLLED DISPOSAL FACILITIES IN CATALONIA 
 
Controlled Disposal Facility 
What do we mean with controlled landfill in Catalonia?  
 
A controlled disposal facility of waste is a set up finalist aimed at the disposal of 
controlled waste on the surface so that it can not be a source of contamination of the 
environment. A deposit must be controlled only to stop waste that can not now 
minimize or revalue. Realizing the importance of environmental protection, the 
Parliament of Catalonia approved in 1981, the first specific regulations of Spain 
dedicated to the protection and restoration of areas affected by extractive activities, 
which affect territory and the landscape and cause appreciable environmental 
impacts and variables.  
 
Depending on the waste being handled, there are three types of controlled disposal 
facilities:  
 
- Class I deposits are for inert waste. 
- Class II Controlled Deposits are for not special waste. Controlled municipal 
waste deposits are class II, specifically equipped to support all those fractions 
of municipal waste that can not be emphasized.  
- Class III Controlled Deposits are for special waste  
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Figure 3: Types of Controlled Disposal Facilities 
Source: Agència de Residus de Catalunya 
 
Apart from the two laws controlling in Catalonia the waste management and the 
others Spanish and European regulations that protect of soil contamination, there are 
some specific laws and decrees to be taken into account specifically for controlled 
landfills and dumps: 
 
- Catalan Decree 1/1997, of January 7, on waste disposal in controlled landfills. 
- European Council Directive 1999/31/EC on the landfill of waste.  
- Royal Decree 1481/2001 of December 27, which regulates waste elimination 
through its disposal in dumps 
 
It should be noted that the European directive 1999/31/EC states that the minimum 
treatment for the landfill gas produced is its recollection and their subsequent 
combustion to minimize the contribution to the greenhouse effect, among others. 
 
“Landfill gas shall be collected from all landfills receiving biodegradable waste and 
the landfill gas must be treated and used. If the gas collected cannot be used to 
produce energy, it must be flared.” 
Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste  
Official Journal L 182 , 16/07/1999 P. 0001 - 0019 
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Furthermore, the Energy Plan for Catalonia 2006-2015 aims to promote  
strongly renewable energy technologies and promote energy savings. 
 
In the Catalan Decree 1/1997, of January 7, on waste disposal in controlled landfills, 
there is a specific article prohibiting the recirculation of leachates.   This is relevant 
because this reutilization of leachates is not forbidden in other Spanish areas and 
Europe, also in Southeast Asia (specifically Philippines) where there are not as many 
laws in garbage management as in Europe and America.  
 
Among the negative effects of the leachates in recirculation of the deposits are as 
follows:  
 
• Chemical and biological hazards to workers, especially when you make a spray of 
leachates  
• Instability of slopes and surface deposit that can hinder the transit for the same 
tasks and compaction (adversely affect the degree of compaction achieved)  
• There is an accumulation of salts in the leaching and waste  
 
We must remember that the generation of biogas is a biological process and as such 
is likely to suffer inhibition phenomena due to increased concentrations of certain 
substances such as heavy metals (Cu(II), Zn (II), Ni(II), Cd (II)), or even ammonia 
(concentration greater than 1,500 ppm) or ions as sodium (concentration greater 
than 3,500 ppm), among others. 
 
It is necessary to check if events are occurring with inhibition of biogas production in 
those places where leachate is recycled especially when there is energy production 
from biogas.   
 
Depending on the leachate composition, the recirculation should be avoided in 
accordance with the above.  
Controlled process of waste disposal  
The criteria for vessel sealing and drainage leachates are set to prevent leakage of 
leachates.  
As the surface of the vessel will be permanently occupying perform a closing.  
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The stability of the deposit must be accredited by the relevant calculations.  
The deposits must be controlled to provide the following infrastructure:  
1. Well log  
2. Perimetric ditch 
3. Pool for rainwater decanting  
4. Leachate storage pond 
5. Waste containment walls 
6. Piezometric network for groundwater control  
7. Collection and evacuation system for fermentation gases  
8. Perimetric fence 
9. Control house and reception  
10. Vehicles and maintenance storage 
Leachate is recruited, evacuated from the landfill and it receives the treatment 
provided for each of the installed systems 
 
To provide a network of fireplaces for the collection and evacuation of gas or biogas 
fermentation is required. 
 
All set up these features, after their useful life, must perform a mandatory period of 
post management, during which control a series of parameters related to control of 
the deposit. 
 
Table 3: Controlled disposal Facilities working in Catalonia in 2008 
NAME OF THE PLANT 
WASTE RECEIVED 
(Tones) 
  
DIPÒSIT CONTROLAT D'HOSTALETS DE PIEROLA (CAN MATA) 376.886,40 
DIPÒSIT CONTROLAT D'ORÍS 56.340,41 
DIPÒSIT CONTROLAT DE BALAGUER 13.381,23 
DIPÒSIT CONTROLAT DE BANYOLES (PUIGPALTER) 11.185,51 
DIPÒSIT CONTROLAT DE BELLVER DE CERDANYA 10.784,72 
DIPÒSIT CONTROLAT DE BERGA 16.049,33 
DIPÒSIT CONTROLAT DE BEUDA 31.617,73 
DIPÒSIT CONTROLAT DE BORGES BLANQUES 6.306,18 
DIPÒSIT CONTROLAT DE CASTELLNOU DE SEANA 13.892,15 
DIPÒSIT CONTROLAT DE CERVERA 6.797,61 
DIPÒSIT CONTROLAT DE CLARIANA DE CARDENER 11.083,53 
DIPÒSIT CONTROLAT DE LA CONCA DE BARBERÀ 6.362,92 
DIPÒSIT CONTROLAT DE LA GRANADELLA 1.016,27 
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DIPÒSIT CONTROLAT DE LLAGOSTERA (SOLIUS) 97.335,69 
DIPÒSIT CONTROLAT DE LLORET DE MAR 102.169,90 
DIPÒSIT CONTROLAT DE MANRESA (II) 58.428,37 
DIPÒSIT CONTROLAT DE MAS DE BARBERANS 24.957,73 
DIPÒSIT CONTROLAT DE MONTFERRER I CASTELLBÒ (BENAVARRE) 6.732,36 
DIPÒSIT CONTROLAT DE MONTOLIU DE LLEIDA 139.340,50 
DIPÒSIT CONTROLAT DE PEDRET I MARZÀ 86.029,11 
DIPÒSIT CONTROLAT DE SANTA MARIA DE PALAUTORDERA 138.281,70 
DIPÒSIT CONTROLAT DE TIVISSA 166.855,60 
DIPÒSIT CONTROLAT DE TREMP (II) 14.516,76 
DIPÒSIT CONTROLAT DE TÀRREGA 13.211,85 
DIPÒSIT CONTROLAT DE VACARISSES 263.958,00 
TOTAL 1.673.522,00 
Source: Agència de Residus de Catalunya 
 
 
2.3 CONTROLLED LANDFILL SITE OF COLL CARDÚS, VACARISSES 
 
 
The installation of Coll Cardús is a final 
recipient of several characteristics of materials 
(inert, organic, and not special). It is receiving 
more or less the same garbage than Payatas 
Controlled disposal Facility.  
 
As all other dumpsites, natural anaerobic 
digestion of wet organic matter occurring within 
the landfill produces a significant amount of 
biogas. By the Kyoto agreements, the Spanish 
State is committed to not increase by more than 15% emissions in 1990. It is 
estimated that this growth has been exceeded, indicating that it is urgent to reduce 
the emission focus falling on the greenhouse effect. In this regard, it is fair to say 
that in our country, while the biogas generated in landfills contributes 3.3% to global 
warming, CO2 transport makes it a 19.1%, and heating homes on a 7.2%.  
 
 
 
 
 
 
 
Figure 4: Coll Cardús facilities 
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Table 4: Coll Cardús Controlled Disposal Facility 
Coll Cardús Controlled Disposal Facility  
Flow of biogas captured  1000 Nm3/h 
Characteristics of Biogas  52% of CH4, CO2 and 39% less than 
0.6% O2 
Biogas System 2 internal combustion engines to 
generate electricity and heat 
 Installed Power 1.900Kw 
Annual Electricity Production 15.021.210Kwh 
Waste received 2008 263.958 tones 
Source: Coll Cardús Disposal Site 
 
In the installation of Coll Cardús the managing company is incorporating several 
measures to reduce the contribution to the greenhouse effect of the landfill. In 
particular, it has implemented a system for degassing the landfill, completed with an 
infrastructure for energy production, which, in addition of reducing emissions, it 
reuses the biogas in the form of heat and electricity, as well as the replacement of 
fossil fuel consumption. 
 
Biogas as fuel, natural biogas concentrated and compressed 
 
In 2005 the plant went into operation of Natural Biogas production located in the 
Technological Park of Renewable Resources of Coll Cardús. The plant has the 
capacity to treat 100 Nm3 of dirty biogas for the production of 60 Nm3/h of clean 
biogas to be used in 
automotive. With this 
amount of gas you can 
feed a car fleet of 
approximately 35 vehicles.  
These vehicles have a 
deposit of 32 Nm3 (160 
liters) and an autonomy of 
300 Km.  
 
 
The concentration of methane is achieved through the use of physical technology 
and/or chemical retaining unwanted gases (mainly CO2 and H2S). They obtain 
purified biogas with very similar characteristics to those of natural gas from fossil 
fuels.  
Figure 5: Coll Cardús facilities 
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Figure 6: Typical Biogas Composition in Coll Cardús 
Source: Coll Cardús Site 
 
One of the advantages of this technology is the CO2 absorbent regeneration that 
allows its reutilization in each cycle and a considerable saving in spares.  
 
Biogas for Solid Oxide Fuel Cells 
 
There is also a project of 2 cogeneration plants with fuel cells Solid Oxide (SOFC) 
using biogas. The objectives are the demonstration of the economic and 
environmental viability of the system, the effectiveness of the biofilter developed to 
remove H2S and siloxans, the production of electricity and heat and the technical 
demonstration of the use of new cogeneration technologies with greater efficiency 
and 100% renewable sources. The production of this small plant is 3kW electric and 
2kW thermal.  
 
 
 
 
 
 
 
 
 
 
Future of Coll Cardús Disposal Facility 
 
Since January 2009 the landfill is being reconverted to new Center for Waste 
Treatment. This installation will allow the territory to carry out a major change in the 
Figure 7: Coll Cardús facilities 
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model of municipal waste management, emphasis on prevention and maximum 
recovery. When the new centre start waste will stop going to a landfill to go to the 
center will to be treated completely.  
 
The centre includes an area equipped with the best available technologies for 
treating municipal waste, either to rest for the organic matter. In total there are 
about 5 acres.  
 
The Center for Waste Treatment took into account the relationship with the 
environment. For this reason an important work has been done to minimize the 
potential impact from all perspectives: the smells, noise, landscape impact... 
 
 
Figure 8: Futur Project of Coll Cardús 
Source: Coll Cardús Site 
 
Each inhabitant of the region generates 1.40 kg of waste per day. 30% of these are 
collected separately (cardboard, glass bottles and organic matter). The rest, 70%, 
includes everything that is not collected segregated. 
 
In the centre all the waste will be treated: the organic material selectively collected 
as well as waste not collected separately, the REST. The plant will treat a total of 
245,000 tons of rest per year and 20,000 tones of organic waste of a first phase and 
40,000 in the second.  
 
The main goal of this new center is to treat the waste to obtain new resources: 
power, water and mainly valuable material and compost.  
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2.4 CONTROLLED LANDFILL SITE OF VALL D’EN JOAN, EL GARRAF 
 
The plant started in May 1974 and from 31 December 2006 it remains closed. Over 
800,000 tones of waste per year had been dumped into Vall d’en Joan landfill. The 
restoration process began in 2001 with the sealing of the waste and the construction 
of staggered terraces -agricultural style- connected by service roads. 
 
Despite the closure the biogas generated by waste deposited in the Vall d'en Joan is 
expected to become energy, using 12 cogeneration engines installed, at least during 
the 15 years following the closing, then, depending of production and quality of 
biogas, it will continue producing electricity or it will be burned into the torch.  
 
 
Figure 9: Biogas Production in Vall d’en Joan 
Source: Vall d’en Joan Disposal Facility 
 
The biogas is captured through many wells digged in the mass of waste and 
distributed evenly across the surface of the landfill. A network of readers connected 
to a suction control collect the biogas and leads it to the generators. Before, however, 
the methane and oxygen concentration is regulated, the large particles are filtered 
and the moisture is reduced.  
 
In the same disposal area there is a biogas plant that generates about 100 
GWh/year, equivalent to the street light in Barcelona. If this production is generated 
in a fossil fuel power plant, 50,000 and 110,000 tones of CO2 would be emitted to 
the atmosphere annually. 
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Other products that are appearing in the controlled landfill, although it is closed, are 
the leachates. This mixture of liquid result of degradation of the waste is collected in 
an impermeable pond, with a capacity of 6,000 m3, which pumps it to a treatment 
plant situated at the same area.  
 
The Metropolitan Environmental Entity of Barcelona (EMA) has implemented several 
procedures to improve efficiency in processing, such as increasing the capacity of 
biological treatment in the plant and the introduction of the reverse osmosis process, 
which reduces the organic load, concentration of ammonia and salinity of leachates.  
 
All this makes it possible to obtain water to put out forest fires, for irrigation of roads 
and vegetation, for cooling of heat engines, and even to maintain a small flow in the 
dry torrent of Vall d’en Joan.  
 
Meanwhile, to reduce the volume of the concentrated saline of the reverse osmosis, 
a plant has been built to evaporate them taking advantage of residual heat of the 
biogas plant. This issue prevents greenhouse gases in the atmosphere because fossil 
fuels are not used for this evaporation. 
 
Some problems with the closure:  
 
1 – The lower sealing layer is broken; it has big 
cracks that can be seen from the top of the landfill, 
as you can see in the picture. These cracks allow the 
escape of leachates and the entrance of rainwater by 
the bottom of the landfill. These incursions are 
damaging both for the environment and for the 
biogas generation.  
 
2 - There is a large area that has not yet been 
sealed; biogas is being sent into the atmosphere 
without control. The wells in these areas have a 
small circle of 1m of clay around the hole. They are 
getting much less biogas than they initially foreseen.  
 
Figure 10: Lower sealing layer 
Figure 11: Small circle of 1m of clay  
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3- Pine trees have been planted and its roots are 
breaking the impermeable layer of polyethylene so 
rainwater can infiltrate directly. There’s so much 
leachate that some wells require pumps for liquid 
extraction so they can later obtain clean biogas not 
mixed with the leachate (bubbles).  
 
 
4 - To cover the trash tones of soil are pulled on and, as a result, the waste is 
compacted and it also involve loses in its ability to produce biogas.  
 
 
The new views of Controlled Landfill Site of Vall d’en Joan are nice but not very 
technical; with 12 engines of 1MW the maximum production can not be achieved due 
to the closing program, leachates and compaction. Currently they generate only 
6MW.  
Figure 12: Leachate conduction 
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3.  THE GARBAGE PROBLEM IN THE PHILIPPINE ISLANDS AND OTHER 
DEVELOPING COUNTRIES IN SOUTHEAST ASIA  
 
As other developing countries all over the world as Mexico, Argentina, Colombia, 
Nicaragua, India or Egypt, the Philippine Islands face the same three big problems: 
the increasing population, the increasing production of garbage and the lack of 
energy.  
 
Third World cities have undergone rapid urbanization during the past fifty years. The 
number of urban dwellers is expected to double between 1987 and 2015. Nearly 
90% of this increase will take place in the Third World, where growth rates exceed 3 
percent per year, three times that of the developed countries.  
 
Some problems related with an increasing population are poverty, garbage, energy 
and water. A city that is always growing, regularly in informal settlements, makes it 
hard to keep the city clean and well communicated for basic services as energy or 
water. 
 
Municipal solid waste management constitutes a serious problem in many third world 
cities. In some of them it has already reached crisis proportions. Most cities do not 
collect the totality of wastes generated, and the wastes collected only a fraction 
receives a proper disposal. Together, the insufficient collection and inappropriate 
disposal of solid wastes represent a source of water, land and air pollution and pose 
risks to human health and the environment. Cities spend increasing amounts of 
resources attempting to improve their waste management but over the next several 
decades, globalization, rapid urbanization, and economic growth in the developing 
world will tend to deteriorate this situation.  
 
This increasing population also implies the 
expansion of slum areas and the creation of new 
ones.  According to United Nations sources in 2003 
nearly two billion people worldwide or 1/3 of third 
world’s city dwellers, live in slums.  
 
Many of the world’s most poor people often face 
Figure 13: Young scavengers 
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the choice of either going hungry or trying to survive by recovering materials from 
waste. That’s why landfill areas in developing countries are commonly surrounded by 
poor population living in shanties and working in waste separate collection in the 
disposal area.  
 
The unemployed had very few options for making a living, and domestic 
manufacturers need inexpensive raw materials. This situation forces thousands of 
people to become scavengers in order to survive through the crises.  
 
Scavenging represents an adaptive response to scarcity caused by chronic poverty, 
war, economic crises, currency devaluation and natural disasters.  
 
But this livelihood involves many physical risks 
to scavengers. Life in landfills is absolutely 
unsafe and dangerous. Foot leftovers and 
kitchen wastes attract birds, rats, flies and 
other animals to the dumps. There are lots of 
diseases to humans. The leading causes of 
mortality come from disease such as: diarrhea, 
upper respiratory tract infection, myocardial 
infraction, hypertension, pneumonia, 
tuberculosis, and malnutrition.  Besides, the 
fires and explosions are common. Fires at open 
dumps often start spontaneously caused by the 
methane and heat generated by biological decomposition. Dump managers in some 
cities deliberately set periodic fires at the dumps in order to reduce the volume of the 
wastes which allows more waste to be disposed there and thus extends the life of the 
dumps. Human scavengers may also cause intentional fires since metals are easer to 
spot and recover among the ashes after the fires than among piles pf mixed wastes.  
 
In the Philippines the energy is produced mainly from coal and natural gas. 
Renewable energies are increasing and projects over landfills are a good solution for 
garbage management, energy and health.  
 
 
 
Figure 14: Water contamination 
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  Table 5: Energy data of Philippines – period 2003-2005 
 2005 2004 2003 
FUEL TYPE MWh % MWh % MWh % 
       
Coal 14,653,275 36.07 15,548,335 39.01 14,351,121 38.23 
Oil-based 2,021,641 4.98 4,590,814 11.52 3,595,860 9.58 
NaturalGas 16,860,917 41.50 12,384,467 31.07 13,139,410 35.01 
Geothermal 2,742,203 6.75 3,033,417 7.61 2,600,465 6.93 
Hydro 4,331,224 10.66 4,296,879 10.78 3,847,774 10.25 
Wind 17,469 0.04 0 0.00 0 0.00 
TOTAL 40,626,729 100.00 39,853,912 100.00 37,534,630 100.00 
Source: Philippines Department of Energy 
 
 
3.1  QUEZON CITY  
 
Quezon City is at the northeastern section of Metro Manila. It has a land area of 
16,112.12 hectares. With 2.68 million people, Quezon City is the most populated city 
of the Philippines, and has the third biggest population among the country’s local 
government units. 
 
Table 6: Comparison Quezon City data and Barcelona Metropolitan Area data 
Quezon City Barcelona Metropolitan Area 
  
 
Population 
2.679.450 
Land Area 
161  km2 
Municipal Budget 
127 million euro 
(for all services in all QC) 
Municipal Solid Waste 
450.000 tones/year 
Waste Generation 
0,46 kg/res/day 
 
 
Population 
3.126.294 
Land Area 
560 km2 
Municipal Budget 
249 million euro 
(+budget for education and sanity) 
Municipal Solid Waste 
1.661.692 tones/year 
Waste Generation 
1,46 kg/res/day 
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Barcelona Metropolitan Area has double extension than Quezon City, but roughly the 
same population. The most representative QC has only one landfill and Barcelona 14 
treatment plants. 
 
 
Figure 15: Waste Treatment Plants in Barcelona Metropolitan Area 
Source: Entitat Metropolitana de Barcelona 
 
Budget of the metropolitan area of Barcelona is 249 million euros. It is twice the 
budget of QC and also each municipality has its own budget for other aspects 
(education, health, etc). 
 
In Quezon City more than 80,000 people live in the shanty-town that surrounds the 
Payatas dumpsite.  
 
Table 7: Waste disposal data available from Payatas 
Year Waste disposed [ton/y] 
  
2001 573,3 
2002 529,2 
2003 480,9 
2004 501,9 
2005 466,2 
2006 420 
Source: Payatas Operations Group 
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Harnessing the poor as productive assets 
Better living standards for all citizens, especially the poor. The City has a large, poor 
population. An estimated 55% of the population are migrants, many of them from 
provinces, who come to the city in search of the proverbial better life. Some of these 
end up as informal settlers, who find the vast, vacant lots of the city convenient 
places to set up shacks. 
Our basic strategy is to try to assimilate the in-migrants, integrate them into a 
progressive city life, and help them become productive, contributing citizens. 
 
Poverty alleviation is a core governance objective in our City government’s 
development thrusts, which we call the ABC of development, enunciated as: 
• Alleviating Poverty 
• Building up the City 
• Competing on Efficiencies 
Our strategy views the livability of communities as the result of the enhanced 
capacity of citizens to improve their personal and family quality of life. Better health, 
shelter, educational and economic conditions encourage them to look out into their 
communities, and participate actively in resolving common environmental concerns, 
as well as give them the incentive to work together for neighborhood and community 
upliftment. 
 
Primary and secondary education, even in public schools, are geared toward 
readiness for information technology. Internet laboratories exist in all Quezon City 
public high schools. Electronic libraries are used in 33 public elementary and high 
schools. Two training schools exist for affordable centralized IT training – one was 
developed with the help of the South Korean government and is geared toward 
mastery of computer animation, while the other is focused on high school training on 
basic computer software. 
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3.2  LAWS IN GARBAGE AND ENVIRONMENT  
 
Unfortunately in the Philippines there are few laws regulating waste management 
and in Asia there is no agreement between countries as in the European Union, so 
there is no hybrid system of supranationalism and intergovernmentalism governing 
the minimum laws and regulations for the member states. 
 
In the Philippines there are the following decrees, which are far from resembling any 
laws that catalan landfills are subject to. Both are unclear and don’t specify 
numerical limits. In addition, there is the problem of corruption, bribery and frauds 
that make it difficult to enforce these few existing laws. 
 
1- PRESIDENTIAL DECREE NO.825 of November 7, 1975, providing penalty for 
improper disposal of garbage and other forms of uncleanliness and for other 
purposes.  
 
2- REPUBLIC ACT NO. 9003 of January 26, 2001, an act providing for an ecological 
solid waste management program, creating the necessary institutional mechanisms 
and incentives, declaring certain acts prohibited and providing penalties, 
appropriating funds therefore and for other purposes.  
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4.  GUIDE FOR ASIAN LOCAL AUTHORITIES  
 
MILESTONE 1:  PREPARATION.  FIRST SITUATION REVIEW 
                 
This is one of the most important 
information needed for the CDM 
project preparation.  
 
This First Situation Review can be 
summarized in a simple table and 
should contain landfill data, volume 
or weigh of garbage received on the 
last 10 years, garbage composition, 
meteorological conditions and other 
external trends that can influence the 
dumpsite (See table 8 and table 9). A 
detailed map from the facility is also 
desirable for future engineering 
studies.  
 
Information collected in this 
preliminary report can be used by the 
different teams during the 
transformation. This information is 
also absolutely necessary to make the 
budget by the city and also by a 
possible investor.  
Table 8: General Data 
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Av. Temp min.    
Av. Temp max.   
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Av. Pressure   
Av. Days rain   
Av. m3 rain   
 
 
This first study must include all areas affected by the landfill in the past, in 
quantifiable variables and realistic data:  climate and air impacts, ground 
impacts, water impacts, vegetation impacts, animal impacts, landscape 
impacts, socioeconomic impacts and goods and cultural patrimony impacts. 
It is also advisable to inform about possible critical situations during the conversion 
of the landfill and in the future, as the threats of severe weather, seismic and 
volcanic phenomenon.  
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One of the most important values is the waste disposed every year from 10 years 
before this first situation review because biogas from the garbage decomposition is 
mostly produced during the first decade after it is dumped. The biogas production 
also depends on the garbage composition. Going through with a serious and 
complete study on the composition of the waste is really important (see table 9). 
 
Table 9: Waste Composition Study 
Waste Composition Study (% wet wt.) 
 
 
    
General 
Av. Density   
% compacting   
 
 
    
paper 
Cardboard/Paper Bags   
Newspaper   
Office Paper/High Grade   
Mixed Paper   
 
 
    
Glass 
Bottles and Containers   
Other/Composite   
 
 
    
Metals 
Tin/Steel Cans   
Other Non-Ferrous   
Aluminum Cans   
Other/Composite   
 
 
    
Plastic 
PET   
HDPE   
Film Plastic/LDPE   
Diapers   
Other/Composite   
 
 
    
 
Other Organic 
 
Kitchen/Food waste   
Yard/Landscape   
Other Organic Wood   
Textiles   
Leather   
Tires   
Rubber   
Animal Remains   
Other/Composite   
Fines   
 
 
    
Other Inorganic 
Rock/Concrete/Brick   
Ceramic/Stone   
Asphalt   
Soil/Charcoal   
Other/Composite   
Fines   
 
 
    
Hazardous 
Paint   
Oil/Oil Filters   
Small Batteries   
Other/Composite   
 
 
    
Special Special   
 
 
    
Total % wet wt. 100% 
 
The actual law in energy and garbage will be applied by engineers and 
consultants, to see the situation of the country in waste management, resource 
efficiency and diversion of energy sources. A study of the energy production and 
consumption in the country is also necessary to have a reference for possible 
competition with the energy sector. 
The transparency provided by this baseline report enables to calculate realistic 
values for budget estimates.  
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MILESTONE 2:  SETTING OBJECTIVES  
 
According to the first situation study it is necessary to set the goals to be achieved 
once the landfill is completely restored.   
 
In order not to get lost with the variety of issues to be included in the dumpsite 
conversion, it might be advisable to use a check-list like the following one: 
 
Table 10: Dumpsite conversion 
 
Dumpsite Possible 
Modifications 
Required by 
law? (Y/N) 
Planning to 
Implement? (Y/N) 
 
Floor 
Sealed    
Soil Cover    
Compactation     
Slope Re-profiling     
 
Gas 
Gas Vents     
Biogas Recovery Facility     
 
Lechate 
treatment 
Sprinkler     
Bush/Grass plantation      
Drainage System     
Leachate pool     
 
Surroundings 
Fence     
Roads     
Lights     
 
Auxiliary 
Facilities 
Materials Recovery Facility     
Compost Facility     
Meteorological control     
General Services     
 
This table represents the possible changes to perform in the landfill, but these are 
not the only ones, this table can change depending on the first situation study.  
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MILESTONE 3:  BUDGETING &  MODEL SELECTION 
 
Once the short and long term targets are decided, it is necessary to elaborate a first 
budget with all the aspects included. This budged must contain all the investments.  
 
When this budget is done, there is possible to choose between 2 models. The first 
model is to find an investor to bear part of the dumpsite transformation and the 
second model is for cities with enough money to cover the first investment, so there 
will be no external companies involved.  
 
There are lots of companies that now are starting CDM projects all over the world, so 
it’s really easy to find an investor to participate in part of the project, the biogas 
recovery facility. The drawback of this model is that when you make an agreement 
with one of this companies, the city is renouncing to approximately 70% of the 
incomes from the CERs revenues, but have the advantage that the city don’t have to 
make the first investment.  
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MILESTONE 4:  FOLLOWING MODEL 
 
4.0 CONVERSION TO A MANAGED LANDFILL  
 
Slope Re-profiling 
Some countries are more exposed to natural disasters and climate change. To avoid 
future tragedies it is necessary to maintain a secure slope in your dumpsite. It 
should be a maximum of 25 degrees. 
 
   
 
 
 
 
 
 
 
 
The sealing 
The sealing of dumps due health and environmental control varies considerably 
depending on the physical and geological characteristics of the terrain, location of 
the landfill and its subsequent use. Basically it consists of cleaning and pest control 
of the site, sealing the landfill, application of environmental controls and reuse of the 
same, all according to the needs of the site. During the first phase will undertake 
various jobs: removal of the waste in the unloading platform, and from the cleanup 
of the landfill, the environment and adjacent land for transfer to landfill or disposal 
on the same site, leveling the land and with land coverage of all waste and pest 
control and parcel of the environment by specialized firms. 
The main objective of the sealing of the landfill is to build a physical barrier within 
the landfill waste, and external environmental agents, preventing the infiltration of 
rainwater through the waste and emissions into the atmosphere. This barrier consists 
in an impermeable layer of sealing the waste from atmospheric agents, normally of 
several sub-aggregate: gravel and clay and a layer of high density polyethylene 
(HDPE). Above that you install a drain cover comprising a sheet of geotextile 
material to drain the fluid filtered from upper layers. Subsequently, and as a final 
Figure 16: Slope Re-profiling 
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line, is the protective covering, which aims to act as a carrier of higher plant cover, 
consisting of a layer of soil is not classified, 
usually gravel, compacted and not extended. 
Finally, the vegetation is planted and the 
contribution of plant species that act as carriers of 
the soil, minimizing erosion surface and 
recovering the degraded landscape of the area.  
Environmental controls to develop after the landfill 
is sealed to ensure that the landfill is inert mass, 
isolated from external actors, so that 
contaminants do not appear possible outbreaks. These checks are performed on 
surface water and groundwater, the formation and release of gases and leachate, the 
state bank and, in general, the maintenance of the work of sealing. 
Despite the case that in your country the sealing is not required by law, there should 
be some king of soil coverage and compactation, at least 0.6m of compacted soil 
acting as a cover, an umbrella over the landfill to keep water out.  
 
 
 
 
 
 
 
 
 
All kind of covers are vulnerable to attack from at least seven sources:  
1. Erosion by natural weathering (rain, hail, snow, freeze-thaw cycles, and wind)  
2. Vegetation, such as shrubs and trees that continually compete with grasses 
for available space, sending down roots that will relentlessly seek to penetrate 
the cover;  
3. Burrowing or soil- dwelling mammals (woodchucks, mice, moles, voles), 
reptiles (snakes, tortoises), insects (ants, beetles), and worms will present 
constant threats to the integrity of the cover;  
Figure 17: Landfill Cap Construction 
Figure 18: Soil coverage 
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4. Sunlight (if any of these other natural agents should succeed in uncovering a 
portion of the umbrella) will dry out clay (permitting cracks to develop), or 
destroy membrane liners through the action of ultraviolet radiation;  
5. Subsidence--an uneven cave-in of the cap caused by settling of wastes or 
organic decay of wastes, or by loss of liquids from landfilled drums--can result 
in cracks in clay or tears in membrane liners, or result in ponding on the 
surface, which can make a clay cap mushy or can subject the cap to freeze-
thaw pressures;  
6. Rubber tires, which "float" upward in a landfill; and  
7. Human activities of many kinds. 
 
Drainage system 
If the cover is not maintained, rainwater will infiltrate the landfill resulting in buildup 
of leachate to the point where the bathtub overflows its sides and wastes enter the 
environment, dragging pullants to surface and groundwater.  
Leachate is water that gets badly contaminated by contacting wastes and remains 
seep to the bottom of the landfill. The bottom of the landfill is sloped; pipes laid 
along the bottom capture contaminated water and other fluid (leachate) as they 
accumulate. The pumped leachate is treated at a wastewater treatment plant (and 
the solids removed from the leachate during this step are returned to the landfill, or 
are sent to some other landfill). If leachate collection pipes clog up and leachate 
remains in the landfill, fluids can build up in the bathtub. The resulting liquid 
pressure becomes the main force driving waste out the bottom of the landfill when 
the bottom liner fails.  
Leachate generated at the landfill must be studied, establishing the water balance in 
the landfill. Leachate recirculation enhances decomposition of garbage and improves 
leachate quality through aeration.  
Normally, the leachate is collected in perforated pipes inside the mound of garbage, 
some collection points and also a vacuum system.  
Beside the recirculation system, it can be also necessary to provide the construction 
of a leachate collection pond according to the needs identified for further processing. 
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Figure 19: Leachate recirculation system 
 
Leachate collection systems can clog up in less than a decade. They fail in several 
known ways:  
1. they clog up from silt or mud;  
2. they can clog up because of growth of microorganisms in the pipes;  
3. they can clog up because of a chemical reaction leading to the precipitation of 
minerals in the pipes; or  
4. pipes become weakened by chemical attack (acids, solvents, oxidizing agents, 
or corrosion) and may then be crushed by the tons of garbage piled on them.  
Gas Vents 
Gas vents are necessary to extract 
methane gas produced by the 
decomposition of garbage at the 
dumpsite, to prevent gas build-up and 
spontaneous combustion.  
The system for capturing landfill gas is 
normally based on the installation of 
collection wells in the bed of the dump, 
if it has a minimum depth of 6 meters, 
separated a maximum distance of 60 
meters and covering all the totality of 
the surface of the landfill. If landfill depth, can be solved by installing pipelines 
perforated horizontal grooming the entire surface of the landfill. 
 
Figure 20: Spontaneous combustion 
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Figure 21: Example of biogas recovery system 
 
 
 
 
 
 
 
 
Lighting 
It contains the electrical installation all over the disposal facility, from the offices to 
auxiliary facilities, including a minimum light for the disposal site, to prevent the lack 
of light at evening and night and allow the continuous work during 24 hours a day.  
These energy needs can be provided by the grid company or by the same plant when 
the biogas facility is operating.   
 
 
 
 
 
Figure 22: Gas vents 
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Vegetal re-plantation 
Re-vegetation has the dual purpose of 
providing landscaping and soil stability, 
preventing erosion by planting native plant 
species, with little needs in soil and 
maintenance. Slopes will be re-planted with 
herbaceous tapestry vegetation. On 
horizontal surfaces, in addition to these 
species, shrubs can be planted around the 
perimeter of the horizontal areas and 
forming stands within them. In the boundaries of the landfill area or in areas of 
maximum thickness it is possible to plant some trees. 
 
VETIVER GRASS, with roots that grow to as long as 8 feet, is commonly used for 
leachate treatment and erosion control.  
 
Garbage selection and classification plant 
In order to improve garbage management in the city having a good classification 
plant is essential. This plant must include the next areas:  
- Reception 
- Garbage delivery area 
- Classification of recoverable materials and not recoverable materials 
- Trömel  
- Magnetic separator 
- Classification of recyclables and no recyclables 
- Organic material selection area 
- Store area 
 
Access control and perimeter fence 
It becomes necessary to have a main entrance to enable communication with new 
infrastructure to deploy, while having sufficient width and capacity, as it will increase 
the traffic of vehicles and other machinery within the facility.  
It is also necessary to install a perimeter fence to protect the new installation, and 
control the informal sector (scavengers whose livelihood is the sales of recovered 
materials from the landfill).  
Figure 23: Vetiver Grass 
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4.1 MODEL 1: LOOKING FOR AN INVESTOR 
 
Step 1: Receiving offers and asking 
To find an investor may be an easy way to ensure the biogas project. The way to 
proceed depends on the city preferences. It is possible that in the same country 
there are some similar projects so the same companies can be interested, or it is 
possible to ask the ICLEI office in this region.  
It is also possible to receive more than one offer for the project. The city should take 
a decision based on the origin and the experience of the company. If there is a local 
company interested, unless it has less experience than other candidates, is desirable 
to choose this one for the development of this country.  
 
Step 2: Transfer Information 
This is the step where all the information collected in Milestone1 is transferred to the 
company. It is necessary to transfer this information before signing an agreement 
because the company should make its own budget and assess if this project is 
economically feasible. The city shall provide adequate information to assist in 
obtaining the approval of the project by the UNFCCC. 
 
Step 3: Agreement 
The first step is to assign roles and responsibilities, to establish the participation 
degree of each part in the process.  
The granting for the exploitation of gas from the landfill is usually for 10 years and 
allows the extraction, collection, processing and flaring for the conversion of biogas 
emissions. 
The city should understand that depending on the CERs price the project will have 
more or less benefits, so the agreement should take this uncertainty. Even so, the 
city should not accept an agreement with percentages lower than 20%. 
For example, a 22 he controlled disposal facility, with an initial investment of 2 
million euros can obtain approximately 100.000 tones of CO2 equivalent a year, 
which represents an income of 1 million euros a year only for CERs revenues.  
 
Step 4: Helping with permits 
One reason for the success of the project is the involvement and dedication of each 
part. That’s why it is very important to avoid bureaucracy issues, helping and 
advising the company about the permits and the way to proceed in order to not to 
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get lost in the country system. For example, the City Mayor can be in contact with 
the governmental institutions and personally explain the project and ask for the 
permits. Some times in collapsed institutions it can be very hard and take lot of time 
to get this permits.  
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4.2 MODEL 2: YOUR CITY HANDLES THE WHOLE PROCESS 
 
Step 1: Feasibility Study 
This is a review of all the information known about the facility. The most important is 
to evaluate how much biogas is possible to extract from de dumpsite, to see if the 
project is economically feasible.  There is another option that is not always available 
but can be a good opportunity for local governments with no enough budgets:  
United Nations can give you part of the money for the CER’s in advance. All the 
information is in the web site of UNFCCC.  
 
Step 2: CDM Documentation 
Usually the CDM Documentation is made by a consultant specialist, but it can be very 
expensive.  
The documents are complex and it is necessary to follow an appropriate methodology 
given by UNFCCC. All this information can be obtained in the CDM website.  
 
Project Activity Design: The Project design document (CDM-PDD) and the 
Guidelines for completing CDM-PDD including a glossary of terms (Approval, 
authorization, project participants etc.). Project participants shall submit information 
on their proposed CDM project activity using the Project design document (CDM-
PDD).  
One of the most important aspects this document should reflect is that the economic 
incentive provided by CDM has been a key element in the approach to investment. 
 
Proposal of a New Baseline and/ or Monitoring Methodology: The new 
baseline methodology shall be submitted by the designated operational entity to the 
Executive Board for review, prior to a validation and submission for registration of 
this project activity, with the draft project design document (CDM-PDD), including a 
description of the project and identification of the project participants. 
 
Use of an Approved Methodology: The approved methodology is a methodology 
previously approved by the Executive Board and made publicly available along with 
any relevant guidance. In case of approved methodologies the designated 
operational entities may proceed with the validation of the CDM project activity and 
submit project design document (CDM-PDD) for registration. 
Small scale projects 
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A project which is eligible to be considered as a small scale CDM project activity can 
benefit from the simplified modalities and procedures.  
 
Small-scale clean development mechanism project activities are: 
• Renewable energy project activities with a maximum output capacity 
equivalent of up to 15 megawatts (or an appropriate equivalent). 
• Energy efficiency improvement project activities which reduce energy 
consumption, on the supply and/or demand side, by up to the equivalent of 
15 GWh per year. 
• Other project activities that both reduce anthropogenic emissions by sources 
and directly emit less than 15 kilotons of carbon dioxide equivalent annually. 
 
In order to reduce transaction costs associated with preparing and implementing a 
CDM project activity, the simplified modalities and procedures provide for the 
following:  
• A simplified project design document  
• Simplified methodologies for baseline determination and monitoring plans  
• Simplified provisions for environmental impact analysis 
• Lowered project registration fee  
• A shorter review period for the registration of SSC CDM project activities  
• The same DOE can validate as well as verify and certify emission reductions 
for a specific SSC CDM project activity  
 
Step 3: Designated National Authority Approval  
In order to be considered for registration, a project must first be approved by the 
Designated National Authorities (DNA). DNA evaluates the project activity and will 
approve it if the documentation it’s clear and realistic.   
 
Step 4: UNFCCC Review and Approval 
When the validation of the CDM project activity is finished, DNA may submit project 
design document (CDM-PDD) for registration. 
Registration is the formal acceptance by the Executive Board of a validated project 
as a CDM project activity. Registration is the prerequisite for the verification, 
certification and issuance of CERs related to that project activity. 
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Step 5: Start building Biogas Facility 
Once the city has the UNFCCC approval the city can start building the biogas facility.  
 
 
 
 
 
 
1. Wells distributed in the landfill. 
2. Main pipe: collects the biogas from all wells.  
3. Central Vacuum. 
4. Security flare: biogas conditions control.  
 
 
How does it work?  
 
When the organic part of the garbage (paper, food, 
wood, straw…) is decomposed we can obtain 
biogas (40% CO2 and 60% methane) and leachate. 
The methane is 21 times more environmentally 
damaging than CO2. But methane can be burned 
and as a result we obtain CO2 and heat and the last 
one can be converted to electricity.  
 
5. Energy production plant: Electricity generating 
engine feed with biogas. 
6. Transformer and grid to deliver the electricity to 
end users. 
 
 
Step 6: Grid Company Agreement 
It is possible to obtain more energy than is required by the plant, so it may be 
interesting to sign an agreement to the grid company to sell the surplus electricity.  
Some companies may not be interested in this energy, but in some countries they 
are required by law to buy this electricity even more expensive than the one coming 
from fossil sources.  
 
Step 7: Monitoring and Report 
For successful CDM/carbon-credit projects, accurate, clear and auditable data are 
essential. To use the correct methodologies, monitoring equipment and protocols is 
required. Verification is the periodic independent review and ex post determination 
by the designated operational entity of the monitored reductions in emissions by 
sources of greenhouse gases that have occurred as a result of a registered CDM 
project activity during the verification period. Verification and validation are 
necessary at several places in the process. Good quality assurance/quality control 
(QA/QC), training and documentation help but from the original project design 
document (PDD) through to the request for issuance of certified emission reductions 
being used is correct. Weekly verification of the emission reductions must be 
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completed on site and more comprehensive internal audits and verifications must be 
completed before submitting the CER issuance request.  
 
Step 8: CO2equivalent Certification 
Certification is the written assurance by the designated operational entity that, 
during a specified time period, a project activity achieved the reductions in emissions 
by sources of greenhouse gases as verified. 
Annually a monitoring report accounting for emission reductions is submitted for 
issuance or CER. As with the project registration a designated operational entity is 
required to review the project and requested emission reductions. During the 
certification, objective evidence that the emissions report meets the requirements of 
the monitoring plan, project design document and approved methodology must be 
clear.  
 
 
 
Figure 25: CDM project activity cycle 
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MILESTONE 5:  ETHICAL AND SUSTAINABLE INVESTMENT OF UNITED NATIONS 
RESOURCES  
 
The foundation of ethical investment and business philosophy is change from profit 
maximization to social investment and environmental responsibility, in order to 
contribute to the continuous improvement of national, regional and local 
management of natural resources and the environment.  
 
In our economic system we vote with our money 
every day. Our decisions as investors and consumers 
impact what is produced and how, the growth of 
some companies and the demise of others.  
 
What we pretend you to realize is that United Nations 
resources must be invested in develop attitudes of 
social and environmental responsibility within public 
and private organizations.  
 
Responsible investment can be simply defined as the 
application of ethical principles to the investment of capital. Responsible investment 
involves thinking not merely about financial returns 
but also about the social, cultural and environmental 
results of investment decisions. 
 
United Nations money is a “present” for these cities 
involved in projects to help the environment and to 
help them to continue doing well, encouraging the 
consolidation of democratic and transparent 
governments. 
 
Developing studies, investigations, projects and assessments in environmental, 
economical, social and institutional aspects are the best investments for your city or 
country. Attention can also be given to health factors, the quality of life in urban and 
rural regions of the country and outside of the country. 
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Here we present some projects developed in Asian cities with UN resources.  
 
Social investment 
 
• Management of the informal sector, by grouping the scavengers and 
assigning schedules and organizing the junkshops. With this system, 
infighting among scavengers was avoided and the scavengers’ efficiency in 
the recovery of recyclables significantly increased. 
• Create multipurpose cooperatives through which the scavengers can 
collectively obtain available assistance, whether financial or opportunities for 
education and skills training, and develop and build networks that will open 
business and livelihood opportunities and enable them to venture out of the 
dumpsite area.  
• Provide cheap electricity to poor areas near the dumpsite, in public buildings 
and streets, and create free services like loundry and ironing area or cooking 
area to avoid unsafe burnings of carbon or garbage inside the houses.   
• Stimulate the participation of the community in the decision making process 
and actions that encourage sustainable development of low income population 
and that attack other social and economical problems. 
 
 
 
 
 
Figure 26: Social investment in Payatas 
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Environmental investment 
 
o Create essential waste management facilities, 
including an engineered landfill, handling, recovery 
and processing facilities to convert biodegradable, 
recyclable and other types of waste, into energy and 
other higher value/useable end products. 
o Organize separation on origin, with information and 
educational campaigns for reduction and separation of 
garbage at home and provide trucks for each type of waste.  
o Create a training center inside the disposal facility with a small composting 
plant, greenhouses and plant nurseries.  
 
 
 
Figure 27: Waste Management Facility 
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5.  CASE STUDY:  QUEZON CITY CONTROLLED DISPOSAL FACILITY 
 
5.1 QUEZON CITY CONTROLLED DISPOSAL FACILITY BIOGAS EMISSION REDUCTION 
PROJECT. QUEZON CITY, METRO MANILA, PHILIPPINES 
 
The new controlled facility with biogas capture in Quezon City is the first Clean Development 
Mechanism project in solid waste management in the Philippines and Southeast Asia. It has 
improved the efficiency of the dumpsite and at the same time, made the facility safer and more 
environmentally-friendly. This project is providing health, clean energy and employment to the 
inhabitants and some extra economical resources to the City.    
 
ABSTRACT 
The Project activity involves the extraction, collection, 
processing and conversion of the biogas emissions into 
electricity from the Quezon City Controlled Disposal 
Facility (QCCDF), in Philippines. This project activity 
was developed primarily to address the environment, 
health and safety concerns of the local government of 
Quezon City for its constituents, particularly those 
residing in the immediate surroundings of the Facility.  
As a pioneering project activity in the Philippines, it also 
aims to promote the application of appropriate 
technology and know-how for the extraction, collection 
and processing of biogas from solid urban wastes and 
as a result demonstrates its environmental, social and 
economic benefits. 
 
CONTEXT OF MUNICIPALITY 
Quezon City is located in the Northeastern part of 
Metro Manila.  It is the largest in population and land 
area, compromising ¼ of the metropolitan area. 
Attracted by Quezon City’s central location, large 
consumer market and boundless manpower, it has 
become a thriving economic center with close to 57,000 
business establishments within its city lines.   
Quezon City has a population of 2.7 million people, with 
one-third under the age of 15 and an average age of 
twenty-four. 
 
 
Figure 28: Southeast Asia 
 
 
 
MUNICIPAL PROFILE 
 
Population 
2,679,450 
Land Area 
16,112.12 hectares 
Municipal Budget 
US$ 179 million  
Electricity consumption 
3,511GWh 
Municipal Solid Waste  
450,000tones/year 
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A bustling industrial and business center, it 
greatly benefits from the large young population. 
This uniquely large and young population along 
with Quezon City’s central location has made it a 
business hub of Manila.  The large population 
has also made waste management and disposal 
a huge problem.   
 
IMPORTANCE OF ISSUE 
The large population made it hard to keep the 
city clean. As other big cities all over the world, 
Quezon City faces the same problems: Garbage 
and Energy. As a bustling industrial and 
business hub, Quezon City produces 1300 tones 
of trash a day, about 0.5 kg per person. The 2.7 
million people living in Quezon City consume 
approximately 50.000 GWh and produce 
approximately 450.000 tons of waste a year.  
 
Table 7: Waste produced in Quezon City 
Year Waste (ton/year) 
2001 573,300 
2002 529,200 
2003 480,900 
2004 501,900 
2005 466,200 
2006 420,000 
 
 
Barangay (Village) Payatas 
Barangay Payatas within the jurisdiction of 
Quezon City lies at the northeastern part of the 
city.  
Barangay Payatas has several creeks, rivers, 
ravines, and low-lying areas. These natural 
features and the location of Payatas are 
economically strategic for the Quezon City 
government. Once developed into a sound urban 
community with housing sites, commercial and 
business centers, light industries, civic centers, 
educational areas, and recreational parks, 
Payatas has the potential to generate massive 
income for the city. Payatas has an approximate 
land area of 2,818 hectares: 32% falls within the 
Novaliches Reservoir (La Mesa Dam). 
But Payatas has also the big landfill where all 
Quezon City’s garbage is dumped . The Payatas 
Dumpsite QCCDF comprises much of the 0.78% 
of the land designated for public utilities (23.3 
hectares). Payatas Landfill area is surrounded by 
poor population living in shanties and working in 
waste separate collection in waste disposal area. 
These informal settlements take up 
approximately 18.4% of the entire barangay of 
Payatas, the majority of all occupied land.  
27 years of accumulated muck and filth have 
turned into a mountain of garbage. Meager 
opportunities attracted the poor to settle in the 
area producing income by scavenging the trash. 
Today, more than 80,000 people live in the 
shanty-town that surrounds the dump.  
The leading causes of mortality come from 
disease such as: diarrhea, upper respiratory tract 
infection, myocardial infraction, hypertension, 
pneumonia, tuberculosis, and malnutrition.  
The 22-hectare disposal facility was the disposal 
site for Metro Manila’s municipal solid waste 
(MSW) from 1973 until July 10th 2000, when, 
after a period of heavy rain, a trash slide 
occurred in the old open dump, resulting in the 
death of nearly 300 people and leaving hundreds 
of families homeless.  
 
  
Figure 29: Trash slide on July 10th 2000 
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The open dump was consequently closed. 
However, due to lack of alternative disposal sites, 
it was reopened in November 2000 pursuant to 
an Executive Order signed by President Joseph 
Estrada instructing the conversion of this open 
dump to a controlled dump and making it an 
exclusive dumpsite of Quezon City. In response 
to this, the Quezon City government created the 
Payatas Operations Group (POG) on 12 
November 2000 specifically to manage, operate 
and secure the dumpsite. 
The conversion of the landfill from an open dump 
to a controlled dumpsite was made through the 
implementation of the following technical 
operations in order to protect the environment 
and to ensure the safety of the dumpsite and the 
communities surrounding the site: slope re-
profiling, soil capping, greening of slopes and 
installing a perimeter fence.  
Unless this was a controlled facility, there was no 
possibility to control the gas coming from the 
decomposition of the organic component of the 
MSW. This gas is called biogas and has an 
approximate composition of 
40% CO2 and 60% methane, 
CH4, which is 21 times more 
dangerous than CO2. These 
uncontrolled Landfill Gas 
(LFG) emissions occur and 
cause odor, respiratory 
diseases and also climate change.  
 
Law in Energy and Garbage 
For controlled dumpsites such as the Quezon 
City Controlled Disposal Facility, the Philippine 
rules and regulations do not require the 
management of the Facility’s biogas emissions, 
so the Quezon City government does not need 
to undertake this type of projects. However, 
aware of the adverse impacts of the biogas 
coming from the dumpsite, on the health of its 
people and on the environment as a whole, and 
also considering the relevant safety hazard to 
the nearby community, Quezon City deemed it 
necessary to immediately address the situation. 
In 2003, 3 years after the trash slide and the 
conversion into a controlled facility, a 100 KW 
engine generator feed with biogas was 
installed to use its electricity in the dumpsite and 
to demonstrate the potential for a CDM project. It 
was in 2006 when an Italian company, Pangea 
Green Energies, showed interest in starting a 
biogas project in Quezon City Controlled 
Disposal Facility.  
 
In 2008 a new law on renewable energies was 
signed. It’s the RAC 9513, an act promoting the 
development, utilization and commercialization of 
renewable energy resources from wind, solar, 
ocean, hydropower and biomass. They will 
provide a feed-in tariff system and incentives for 
companies, communities and farmers who adopt, 
for example, waste-to-energy facilities as this 
project does.  
Until now, there was no relation between 
garbage and energy, but with this law, the 
Government builds a new bridge between those 
problems and finds a good solution for both of 
them.  
 
CASE DESCRIPTION 
In May 2006, Pangea Green Energy, together 
with Pangea Green Energy Philippines 
Incorporated, expressed its interest to develop 
and implement the Project for Quezon City. After 
a thorough evaluation of the technical and 
financial capability of the two companies 
(collectively called “Pangea”), Quezon City 
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granted Pangea the right to fully and exclusively 
implement, manage and operate the Project 
through the signing of a Memorandum of 
Agreement (MOA) in February 14, 2007. 
Obligations of Pangea under the MOA include 
the planning, building, management, operation 
and maintenance of the biogas extraction, 
collection and processing plant. Pangea will 
provide the necessary investment to accomplish 
its obligations.  
Biogas Emissions Reduction Project was 
registered under the Kyoto Protocol of the United 
Nations Framework Convention on Climate 
Change (UNFCCC) on February 1, 2008. This 
was the first clean development mechanism 
(CDM) project in solid waste management in the 
Philippines and in Southeast Asia. 
As a CDM, for every tone of CH4 that hasn’t 
been released into the atmosphere, Pangea can 
obtain a number of Carbon Credits (CER’s) that 
can be sold to UNFCCC. The agreement signed 
with Quezon City compromise Pangea to pay a 
percentage depending on the CER’s price, but 
never less than 10%.  
 
 
Figure 30: View of the old mud of Payatas Dumpsite 
 
Today, the Controlled Disposal Facility in QC 
appears as an indisputable example of 
environmental policy of the government of 
Philippines. Has gone from the practice of MSW 
removal and storage to the more advanced 
treatment systems and energy recovery, being 
more respectful of the environment and land.  
 
Success and Barr iers  
One reason for success is the City Mayor was 
personally involved in this project and he helped 
with the bureaucracy. The city hall called on 
other public offices to expedite the release of 
different authorizations (Building Permit, Sanitary 
Permit, Business Permit, Fire Safety Permit, etc.). 
In other situations the bureaucracy can be a big 
deal for projects like this.  
The indefinite postponement of the landfill 
closure date has become an issue for Pangea 
because they can’t calculate the exact amount of 
waste disposed before this closure, but they 
hope it will be next year 2010.   
 
NEXT STEPS  
In one year they have reached the nominal 
conditions (main production of the engine). The 
electricity from the garbage is now supplying 
power to all Pangea plant facilities, two streets of 
Barangay Payatas (street illumination), a place 
for indigent families to iron laundry for free and 
also some of the public buildings in Payatas.  
After this first phase, they will start the second 
phase that will introduce more wells and a 
engine of 700 kW, to convert the methane into 
electricity and sell it to the Grid Company 
(MERALCO) after previous negotiation. 
 
Figure 31: Phase 2-Flaring with electricity production for 
internal requirement and export to grid 
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The start of the new phase depends on the 
landfill closure date, the final approval the law for 
renewable energy incentives (RAC 9513) and 
the connection agreement with MERALCO.   
 
When the landfill closes all the scavengers won’t 
have any other livelihood. Pangea, PGO and 
IPM, together with some NGO’s working in 
Payatas are organizing a Cooperative to create 
jobs for all the scavengers after the landfill 
closure. This project is called LIFES (livelihood, 
food, education, shelter).  
 
BENEFITS OF THE PROJECT  
Some of the important benefits that this project 
has given to the Payatas community are:  
1. Improve stability of the dumpsite thru 
removal of voids & perched water/leachate. 
2. Elimination or reduction of explosion or fire 
hazards. 
3. Reduction of odor and groundwater pollution. 
4. Increase of the health, reducing garbage 
contact with Payatas population.  
5. Reduction of greenhouse effect from landfill 
gas (estimated emission reduction of 
110,000 tones CO2 equivalent a year, where 
1 tone CH4 = 21 tones CO2e) 
6. Production of energy from a renewable 
source (average of 4,200MWh per year) 
7. Reduction of greenhouse gases from 
traditional sources (Displacement of grid 
electricity (CEF = 0.46 t CO2e/MWh)) 
8. Provide additional financial resources for 
Quezon City.   
9. Generate employment.  
10. Aims to promote the application of 
appropriate technology and know-how for 
the extraction, collection and processing of 
biogas from solid urban wastes. 
11. Reduction of damage to existing vegetation 
and acceleration of re-use of land. 
12. Build capacity of local stakeholders thru 
education and training. 
 
 
    
Figure 32: Worker and Compost Plant 
 
Payatas is now green in many ways. Its 
residents enjoy a park, where the old dumpsite 
used to be. The stench of garbage is barely 
there. There is a composting plant, greenhouses 
and plant nurseries. Electricity is practically given 
away. Streetlights in nearby roads are powered 
by the dumpsite. The City government has also 
launched “Plantsahan ng Bayan,” in the 
community area where people can simply plug 
their electric irons and do their laundry with free 
electricity. 
 
RESULTS:  BUDGET, FINANCING AND 
STAFFING 
Now, there are three companies working in the 
Payatas Dumpsite: Pangea Green Energy, 
responsible of the biogas recovery; Payatas 
Operations Group (POG), responsible of other 
conversion projects; and IPM operating and 
rehabilitating the landfill. The number of 
employees is shown in table 11.   
This project was a huge challenge, but they are 
now having the first results and they are very 
proud about it.  
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Table 11: Data from 2008 
Regular jobs created 15 PGE, 7 POG, 300 IPM 
Temporally jobs 40 aprox. for 6 months 
$ received by Quezon 
City in 2008 
6,5 million PHP  
 
 
Pangea contributed in the 100% of the biogas 
project but the conversion to a controlled 
disposal was paid by Quezon City local 
government. Now Pangea is trying to receive the 
first CER’s from 2008 and after a previous 
certification process, they will get the money 
from the UNFCCC. The first investment, budget 
and financing is shown in table 12.   
 
Table 12: Pangea budget 
Investment costs -1,386,000 euro 
Maintenance costs 1-2 year -95,670 euro/year 
Maintenance from 3rd year -180,670 euro/year 
Income from Electricity 413,438 euro/year 
Income from CER's 1,163,390 euro/year 
BENEFIT AVERAGE 1 million euro/year 
 
LESSONS LEARNED 
It is essential to convert uncontrolled disposal 
facilities in order to achieve a good waste 
management and a high performance of the 
energy contained in the garbage. It is also 
important for the environment and people 
surrounding the landfill. Garbage can be used as 
a renewal energy source and the big mistake is 
not to use and treat it.  
In Payatas the biggest lesson learned is the 
importance of the collaboration between all the 
parts involved in the project, facilitating 
information, interceding in the governmental 
institutions and being involved in every phase of 
the project.  
 
KEY REPLICATION ASPECTS  
There are lots of cases of uncontrolled disposal 
facilities in all Asia and also in other poor 
countries around the world. Payatas, as the first 
biogas project in the Philippines, has set an 
example and has been visited and studied by 
officials from other cities and non-governmental 
organizations. The Payatas initiative stands as a 
model experience for developing and developed 
countries. From the 21 CDM projects in the 
Philippines there is only one more project like 
Payatas Disposal Facility, the Moltalban Landfill, 
in the municipality of Rodriguez, province of 
Rizal. 
The most important aspects to keep in mind for 
future replications are the 3 main benefits that 
this project has delivered to the population of 
Payatas: health, jobs and clean energy.  
 
KEY CONTACTS  
Ivano Conte  
Technical Director, Pangea Green Energy 
Corso Vittorio Emanuele II, 63 
10128 Torino, Italy 
+39-011-19507611 / +39-63885339 
ico@pangeagreen.biz 
Joy O.Gonzales 
Technical manager, Pangea Green Energy Phils 
Visayas Street, Payatas 
Quezon City, Philippines 
+63-4272086 / +63-4270917 / +63-8337359 
jgo@pangeagreen.biz 
Louie Sabater  
Engineer, Payatas Operating Group,  
Payatas, Quezon City, Philippines 
louieqc@yahoo.com 
ICLEI SEA 
The Manila Observatory, Ateneo de Manila University, 
Loyola Heights, Quezon City 1108 Philippines.  
+63-2 426-0851 Fax: +63-2 426-0851 
http://www.iclei.org/sea   Email: iclei-seasia@iclei.org 
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5.2 FEASIBILITY STUDY AND ECONOMIC BENEFITS.  
 
 
In the Philippines, there are no contractual requirements or regulations mandating 
the capture of the methane generated from solid waste disposal sites. Therefore, the 
baseline is the total atmospheric release of all the methane generated by the Payatas 
waste disposal site where no gas control systems are required by the law. 
 
Due to the decrees reported in 3.2, the operation of a controlled dumpsite (like 
Payatas landfill) doesn’t require the installation of a biogas collection network, that in 
absence of the CDM project activity might not have been implemented because it 
wouldn’t be requested by the Philippine regulation. 
 
For a feasibility study there are three scenarios to consider:  
 
1. Baseline Scenario wherein there is no capture of methane gas produced in the 
controlled dumpsite. 
2. Construction of facilities for LFG collection, flaring, electricity generation and 
selling of the net electricity produced to the Luzon grid in the absence of the 
Clean Development Mechanism and revenues for the CERs sales. 
3. Construction of facilities for LFG collection, flaring, electricity generation and 
selling of the net electricity produced to the Luzon grid and also getting 
revenues from CERs. 
 
Other possible scenario can be identified as the sale of raw gas directly to 
customers: this scenario implies the realization of the biogas extraction plant 
combined with a biogas treatment unit. This alternative cannot be considered viable 
because there is no local gas demand for an on-site utilization. 
 
As the baseline scenario, other alternative projects in Philippines for methane 
recovery and destruction do not have any economic drivers for an investor to 
implement and cannot be considered plausible or credible. 
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For the feasibility study of both scenarios we made some data assumptions based on 
Pangea Green Energy information.  
 
-The Investment costs as well as the Operation & Maintenance costs for the landfill 
gas equipment and plant were supplied by the project developer based on its 
experience in the sector, and consultation with landfill gas primary suppliers. 
-The LFG production rate will become minimal after 10 years and it will not be 
economically viable to continue the project.  
-The tariff rate of electricity which is used in calculations is 0.078748 EUR/kWh. 
 
Table 13: Data assumptions for feasibility study 
Investment costs 1.386.000 euros 
Maintenance (2 first years) 95.670 euros/year 
Maintenance (next years) 180.670 euros/year 
Electricity exported 42.000 MWh 
Electricity price 78,75 euros/MWh 
Project live 10 years 
 
 
 
Scenario Whit no CER revenues 
 
Table 14: Scenario without CDM (all in euros) 
Project 
year 
Investment 
costs 
Maintenance 
 
Electricity 
sold 
Cash 
Flow 
1 1.386.000 95.670 0 
-
1.481.670 
2   95.670 0 -95.670 
3   180.670 413.438 232.768 
4   180.670 413.438 232.768 
5   180.670 413.438 232.768 
6   180.670 413.438 232.768 
7   180.670 413.438 232.768 
8   180.670 413.438 232.768 
9   180.670 413.438 232.768 
10   180.670 413.438 232.768 
 
IRR =  3,1% 
 
This is an economically unattractive scenario because the investment costs are too 
high and the revenue generated by the electricity sale does not guarantee an 
acceptable return. The Project IRR of 3,1% is far below the acceptable benchmark 
IRR value. On this basis the project is not viable. 
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Scenario as a CDM project with CER revenues 
 
 
If revenues from the selling of the CERs are considered the project IRR increases up 
to 48,5 % , making the project viable as shown in the table (all in euros).  
 
Table 15: Scenario as a CDM project with CER revenues (all in euros) 
Project 
year 
Investment 
costs 
Maintenance 
 
Electricity 
sold 
CER 
revenues 
Cash 
Flow 
1 1.386.000 95.670 0 0 -1.481.670 
2   95.670 0 0 -95.670 
3   180.670 413.438 930.712 1.163.480 
4   180.670 413.438 930.712 1.163.480 
5   180.670 413.438 930.712 1.163.480 
6   180.670 413.438 930.712 1.163.480 
7   180.670 413.438 930.712 1.163.480 
8   180.670 413.438 930.712 1.163.480 
9   180.670 413.438 930.712 1.163.480 
10   180.670 413.438 930.712 1.163.480 
 
IRR =  48,5% 
 
 
Application of First Order Decay model for estimating biogas potential 
 
For a correct design and dimensioning of both the biogas extraction system and the 
power rating and number of endothermic generating sets for the production of 
electric energy, as well as the connection to the Utility Company distribution grid, it 
is essential to estimate biogas output volumes as accurately as possible. 
 
The formula to be used in order to estimate methane emissions in year T deriving 
from the quantity of waste disposed in year x is: 
 
 
      
 
where: 
k: methane generation kinetic constant: this is function of the humidity of the waste, 
availability of nutrients for the methanogenic bacteria, pH and temperature. 
Intergovernmental Panel on Climate Change –IPCC- default value in function of the 
hydrologic regime of the area is used: k= 0.08 1/yr; 
[1] 
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Lo : methane generation potential of the landfill: this depends on the quantity of 
cellulose contained in the waste mass cellulose, in fact, contains the greatest 
quantity of carbon capable of being changed into methane; accordingly, methane 
production becomes dependent on the hydrolysis of cellulose [m3-CH4/ton] 
QT, x: the amount of methane generated in the current year T [m
3-CH4/yr]; 
x: the year of waste input; 
Rx: the amount of waste disposed in year x [t/yr]; 
T: year of interest. 
 
The methane generation potential L0 depends upon the composition of the waste. 
 
where: 
MCF = methane correction factor, that reflects the way in which the landfill is 
managed (Intergovernmental Panel on Climate Change –IPCC- values are used); 
MCF=1; 
DOCf = fraction of DOC (degradable organic carbon) dissimilated, equal to the 
portion of DOC that is converted to landfill gas, depending in particular from the 
temperature inside the landfill; IPCC 1996 default value = 0.77; 
FCH4 = fraction of CH4 in landfill gas (aprox. 50%); 
DCH4 = density of the methane (equal to 0.0007168 t/m3) 
 
And DOC depends on the waste composition:  
 
 
with: 
WS1 = solid waste percentage of paper and textiles 
WS2 = solid waste percentage of garden waste, park waste or other non-food 
organic putrescibles 
WS3 = solid waste percentage of food waste 
WS4 = solid waste percentage of wood or straw 
 
[2] 
[3] 
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Figure 33: Results of Disposed Waste Composition Study of April-May 2003 
 
According to the formulation expressed above it has been calculated a value of L0 
equal to 135 m3/ton.  
 
The model provides a quantitative estimate of the annual amount of biogas arising 
from a ton of urban solid waste, from which, knowing the quantity of waste materials 
landfilled over time, we can work out total annual output and the future evolution of 
production figures, according to the following formula: 
 
 
 
Assuming a gas collection efficiency of 54% and a methane percentage of 50% we 
obtain the extracted biogas – indicated as landfill gas, LFGextracted - and the 
volume of biogas to be flared (LFGflare,y).  
 
[4] 
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Table 16: Expected Landfill Gas production during the crediting period 
YEAR 
LFGextracted 
[Nm3/h] 
LFGextracted 
[Nm3/y] 
LFGelectricity 
[Nm3/y] 
LFGflare,y 
[Nm3/y] 
2007 2.269 19.880.380 825.000 19.055.380 
2008 2.488 21.795.231 825.000 20.970.231 
2009 2.297 20.119.534 3.217.500 16.902.034 
2010 2.120 18.572.671 3.217.500 15.355.171 
2011 1.957 17.144.736 3.217.500 13.927.236 
2012 1.807 15.826.586 3.217.500 12.609.086 
2013 1.668 14.609.781 3.217.500 11.392.281 
2014 1.540 13.486.527 3.217.500 10.269.027 
2015 1.421 12.449.634 3.217.500 9.232.134 
2016 1.312 11.492.460 3.217.500 8.274.960 
 
 
The greenhouse gas emission reduction achieved by the project activity during a 
given year y (ERy) is estimated as: 
 
 
 
where: 
ERy = emissions reduction, in tonnes of CO2 equivalents (tCO2e). 
MDproject,y = the amount of methane that would have been combusted during the 
year, in tonnes of methane (tCH4) 
GWPCH4 = Global Warming Potential value for methane for the first commitment 
period = 21 t CO2e/tCH4 
ELy = net quantity of electricity exported during year y, in megawatt hours (MWh). 
CEFelectricity,y, = CO2 emissions intensity of the electricity displaced, in t CO2e/MWh  
(experimental value = 0,46 t CO2/MWh) 
 
 
In the first phase of the project activity, there is an initial requirement for electricity 
from the grid to run the equipment of the facility and this is accounted for. The 
second phase for the project will generate electricity that will be supplied to the grid. 
For the project activity, the net quantity of electricity exported during year y is given 
as: 
 
[5] 
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where: 
ELEX,LFG = net quantity of electricity exported during year y, produced using landfill 
gas, in megawatt hours (MWh) 
ELIMP = net incremental electricity imported, defined as difference of project imports 
less any imports of electricity in the baseline, to meet the project requirements, in 
MWh 
 
Considering an on-site power requirement of 40 kW (total energy amount requested 
from electrical equipment, such as biogas plant panel, reserves, illumination plant, 
generator users):  
 
for Phase 1 of the project. For Phase 2, the electricity export to the Luzon grid is:  
 
The net electricity for the project activity is the electricity export to the grid less the 
on-site power requirement:  
 
Table 17: Net exportable electricity, ELy (MWh) 
YEAR 
ELEX,LFG 
[MWh] 
ELIMP 
[MWh] 
ELy 
[MWh] 
2007 0 50 -50 
2008 0 50 -50 
2009 5.250 50 5.200 
2010 5.250 50 5.200 
2011 5.250 50 5.200 
2012 5.250 50 5.200 
2013 5.250 50 5.200 
2014 5.250 50 5.200 
2015 5.250 50 5.200 
2016 5.250 50 5.200 
 
 
 
 
[6] 
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The amount of methane that would have been destroyed/combusted during the year  
y (MDproject,y) is given as: 
 
    
 
where: 
MDflared,y = the quantity of methane destroyed by flaring; 
MDelectricity,y = the quantity of methane destroyed by generation of electricity; 
 
 
 
where: 
LFGflare,y = the quantity of landfill gas fed to the flare during the year measured in 
cubic meters (m3); 
wCH4,y = the average methane fraction of the landfill gas as measured during the year 
and expressed as a fraction (in m³ CH4 / m³ LFG); wCH4,y = 0.5  
DCH4 = the methane density (0,0007168 t CH4/m3); 
PEflare,y = the project emissions from flaring of the residual gas stream in year y (t 
CO2e); 
 
To calculate the project emissions from flaring, a constant hourly volumetric flow 
rate of methane (calculated from LFGflare,y expressed in hourly values) is assumed 
and with a value of volumetric fraction of methane in the residual gas equal to 0.5, 
TMRG,h is calculated. The default value for the flare efficiency for enclosed flares 
continuously monitored is ηflare,h = 0.9.  
 
 
 
 
 
 
 
 
 
 
 
 
[7] 
[8] 
[9] 
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Table 18: Project emissions from flaring, PEflare,y 
YEAR 
PEflare,y   
[t CO2 eq] 
2007 14.238 
2008 15.679 
2009 12.314 
2010 11.150 
2011 10.075 
2012 9.083 
2013 8.167 
2014 7.322 
2015 6.542 
2016 5.821 
 
 
MDelectricity is calculated as: 
 
 
 
 
The total methane destroyed by the project activity, MDproject, is:  
 
Table 19: Methane flared/combusted, MDproject,y tCH4/y 
YEAR 
MDflared,y 
[t CH4/y] 
MDelectricity,y 
[t CH4/y] 
MDproject,y 
[t CH4/y] 
2007 6.151 296 6.447 
2008 6.769 296 7.065 
2009 5.471 1.153 6.624 
2010 4.972 1.153 6.125 
2011 4.512 1.153 5.665 
2012 4.087 1.153 5.240 
2013 3.694 1.153 4.847 
2014 3.332 1.153 4.485 
2015 2.997 1.153 4.150 
2016 2.689 1.153 3.842 
 
 
 
 
[10] 
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Emission reductions ERy can be now calculated as mentioned in equation [5]: 
 
 
 
 
 
Table 20: Emission Reductions ERy for project activity 
YEAR 
MDproject,y 
[t CH4] 
ELy 
[MWh] 
ERy 
[t CO2 eq] 
2007 6.447 -50 135.367 
2008 7.065 -50 148.338 
2009 6.624 5200 141.505 
2010 6.125 5200 131.027 
2011 5.665 5200 121.355 
2012 5.240 5200 112.426 
2013 4.847 5200 104.183 
2014 4.485 5200 96.575 
2015 4.150 5200 89.551 
2016 3.842 5200 83.067 
 
 
For the project activity, during a crediting period of 10 years, the total emission 
reductions are expected to be about 1,16 million tones of CO2 equivalent.  
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5.3 RECOMMENDED IMPROVEMENTS  
 
 
a) Recommended improvements for Quezon City Disposal Facility 
 
1.Sealing: Currently the landfill of Quezon City is not sealed at the top, so much of 
biogas escapes rain water infiltrates and drainage system can not prevent the 
increase in the formation of leachate. The water pollution around the landfill is a 
huge problem that must try to solve. 
 
2.Torch or engine: The fact that UN offers money for emission reduction does not 
encourage local governments to make investments to buy engines and convert 
biogas into electricity, because simply burning it in a torch is enough. It is 
necessary to evolve as quickly as possible to the second phase of a 700kW 
engine. 
 
3.More trash = More money: For the same reason, the impression given to the 
people is producing more waste, more carbon credits will be awarded. The best 
investment is to improve landfill gas extraction and management of the landfill.  
 
4.Projects with UN money: The small greenhouse and composting plant are good 
ideas, but do not employ too many people and really doesn’t give results. The 
priorities should be to improve social conditions and health of people and 
improving the Payatas dump. 
 
b) Other options about waste management in all SE Asia 
 
1. Landfills of bullets 
 
In a study by the European Commission on Waste Management and climate change3, 
we conclude that the separation at source of municipal solid waste in combination 
with recycling (paper, metals, textiles and plastics) and composting and anaerobic 
digestion of biodegradable fraction causes less emission of greenhouse gases than 
any other treatment of waste mass. The advantages of paper recycling and 
                                                 
3
 “Waste management options and climate change”, European Commission, AEA Technology: 
http://ec.europa.eu/environment/waste/studies/pdf/climate_change.pdf. 
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composting versus deposition in landfill depends on the efficiency with which control 
the landfill emissions, but even with the most control emissions, the emissions 
savings associated with the paper recycling and composting is 50 - 280 kg of CO2 per 
ton of waste.  
 
As we decide on the best way for management of waste, apart from the issue of 
emissions of greenhouse gases, should also take into account other factors such as 
efficiency in the use resources, land use, the impact of manufacturing paper from 
virgin fiber, or stability, fertility and moisture retention of soils in which the compost 
is used. All these factors, taken together, are preferable to paper recycling and 
composting to any final disposition in landfill. 
 
For materials other than paper, such as glass, plastics, metals or textiles, the savings 
in emissions of greenhouse effect associated with the recycling moves around 30-95 
kg of CO2 per ton of waste if compared with deposition in landfill and how this matter 
is being exploited.  
 
However, there are a number of rejections of all these processes for which the 
energy evaluation is a good start. Although incineration of such rejection causes the 
emission of greenhouse gases, is recovered when the power they possess is 
replacing other sources of energy, which avoids emissions that are associated. 
Depending on the source changed, the emissions savings will be higher or lower.  
The above study also concludes that it is possible to achieve greater reductions in 
emissions of greenhouse gases in a scenario that combines recycling, incineration 
with energy recovery (electricity and generating heat) and mechanical-biological 
treatment in which one is chosen to maximize the biological treatment and not 
incinerated. In the case with incineration with energy recovery will produce a saving 
of 490 kg of CO2 per ton of waste, while in the case without incineration save 440 kg 
of CO2 per ton of waste. It is necessary to consider the issues arising from transport 
of waste to landfills, which are obviously far from urban centers. 
 
It is possible to achieve greater reductions in emissions of greenhouse gases in a 
scenario that combines recycling, incineration with energy recovery (electricity and 
generating heat) and mechanical-biological treatment 
 
 70
Landfills of bullets are landfills where the material is deposited is packaged 
previously in bullets. Such way of dump waste provides a number of advantages 
relative to traditional landfills where the waste mass is doomed. These advantages 
are:  
 
• Easiness in transportation and waste management. In addition, the processes 
of decomposition of organic matter present in the waste become slower, thus 
reducing emissions of biogas and leachates during the manipulation.  
 
• Lower presence of health vectors (gulls, rats ...) in the dumpsite because 
there is no waste outdoors.  
 
• Lower the presence of odors in the vicinity.  
 
• Improvements in the operation of the landfill, it prevents the spread of 
material by the wind, and the appearance of the landfill is better.  
 
Although there is a limited experience that does not allow a comparison between 
long-term deposits with the requirements applicable to the European directive and 
the bullet, the recent experience in the metropolitan area shows:  
 
• The initial biodegradable fraction, when it is between 2-20%, evolution 
through its biological stability.  
 
• After sealing the tank, almost total absence of leachates due low content of 
fermentable organic matter of waste deposited.  
 
• The leaching that may have generated has much lower soluble salt content 
than any controlled disposal facility where waste is not packed. 
 
As you can see in the next pictures the bullets in landfills have a significantly better 
external appearance.  
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Figure 34 and 35: Landfill of bullets                             Figure 36 and 37: Traditional dumpsite 
 
2. Incineration 
 
Full oxidative combustion (incineration) can be used as a treatment for a very wide 
range of wastes. Incineration itself is commonly only one part of a complex waste 
treatment system that altogether, provides for the overall management of the broad 
range of wastes that arise in society. 
 
Some advantages of incineration are:  
 
• destruction of organic substances 
• evaporation of water 
• evaporation of volatile heavy metals and inorganic salts 
• production of potentially exploitable slag 
• volume reduction of residues 
• recovery of useable energy 
• removal and concentration of volatile heavy metals and inorganic matter into 
solid residues e.g. flue-gas cleaning residues, sludge from waste water 
treatment  
• minimizing emissions to all media 
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Figure 38: Example layout of a municipal solid waste incineration plant 
 
Products of incineration process can include:  
 
• Electricity 
• Heat (as steam or hot water) 
• Gravel or crashed stone for road maintenance 
 
3. Other thermal treatments 
 
Alternative technologies for thermal waste treatment have been developed since the 
1970s. In general these have been applied to selected waste streams and on a 
smaller scale than incineration. Two good options can be pyrolysis (thermal 
degradation of organic material in the absence of oxygen) and gasification (partial 
oxidation).  
 
These technologies attempt to separate the components of the reactions that occur 
in conventional waste incineration plants by controlling process temperatures and 
pressures in specially designed reactors.  
 
Both pyrolysis and gasification differ from incineration in that they may be used for 
recovering the chemical value from the waste (rather than its energetic value). The 
chemical products derived may in some cases then be used as feedstock for other 
processes. However, when applied to wastes, it is more common for the pyrolysis, 
gasification and a combustion based process to be combined, often on the same site 
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as part of an integrated process. When this is the case the installation is, in total, 
generally recovering the energy value rather than the chemical value of the waste, 
as would a normal incinerator.  
 
As well as the normal targets of waste incineration (i.e. effective treatment of the 
waste), the additional aims of gasification and pyrolysis processes are to: 
 
• convert certain fractions of the waste into process gas (called syngas) 
• reduce gas cleaning requirements by reducing flue-gas volumes. 
 
The following table presents a summary of the current successful application of 
thermal treatment to the main waste types:   
 
Table 21: Current successful application of thermal treatment 
 
Source: Integrated Pollution Prevention and Control Reference Document on the Best Available Technique 
for Waste Incineration 2006, EC 
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6.  CONCLUSIONS  
 
 
The Philippine Islands, as other developing countries in Southeast Asia, have an 
important issue about waste management. The small interest of the authorities in 
the environment and the lack of legislative framework does not help improve the 
situation.  
 
During my stay in Quezon City, I realized the huge problem of poverty and 
unhealthiness in the country, and even misinformation and corruption. This project 
has provided me the possibility to deepen the technical aspect of production and 
utilization of biogas and at the same time, to introduce me in human understanding 
and relationship between first world and developing countries. It is also very 
interesting to be familiar with UN procedures and CDM projects.  
 
Some of the aims achieved during this project are the publication of two documents, 
one Case Study for Quezon City Disposal Facility and Quezon City Hall, and a guide 
for Asian local authorities called “How to prepare your dumpsite to CDM” published 
by ICLEI.  
 
What surprised me the most is the real situation of controlled disposal facilities in 
Catalonia. Although budget, knowledge and legislation are not comparable, in some 
aspects landfills in Catalonia are almost in the same status of development than in 
the Philippines.  
 
About QC disposal Facility, it might be interesting to continue with the dumpsite 
remodeling using the specifications in point 5.3 Recommended improvements and 
also to employ more local workers in order to mitigate the poverty in Payatas.  
 
This project has been a mutual contribution to me and to ICLEI members. The 
transmission of knowledge will help ICLEI SEA team to communicate with steadiness 
the Quezon City project achievements and get other Southeast Asian cities to 
undertake similar actions. 
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